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Project Objectives
• To fabricate and test catalyst-infiltrated LSCF cathodes for better performance and stability
• To characterize structure, composition, and morphology of surface and interfaces
• To develop models for data interpretation and for gaining insights into rational design of better electrode materials or microstructures • Analyzed data from LSM and LSCF thin films and LSM-coated LSCF cathodes using refined micro-kinetic models;
• Gained critical insights into the mechanisms for observed performance enhancement by an LSM coating on LSCF cathodes.
Theory, Investigation, and Stability of Cathodes
Hypotheses for LSM-Enhancement
• LSM promotes O 2 adsorption through the more-active Mn-site on surface;
• LSM coating is more strongly activated under a cathodic polarization;
• Fast grain boundary diffusion and large vacancy concentration under polarization mitigate the limited ionic transport through LSM film;
• LSM coating stabilizes the surface of LSCF and prevents it from degrading.
• Mn in LSM promotes stronger O 2 adsorption than either Fe or Co, as predicted by DFT simulations.
• Blank LSCF film polarization resistance is much more sensitive to pO2 than is that of LSM-coated films, reflecting some limitation by adsorption. 
• The trend toward stronger activation is qualitatively matched when the ORR is proportional to the bulk c v , determined by the effective cathodic polarization.
• LSM-coated LSCF films have larger R p at OCV, but R p decreases faster than blank LSCF as η becomes more cathodic, ending up lower and indicating stronger activation.
LSCF
LSM
Activation Under Cathodic Polarization
Assuming current proportional to ox. vac. concentration
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R p & C of LSCF Film under Polarization
• R P and effective low-frequency capacitance, C, of a LSCF film as a function of apparent cathodic polarization (C obtained by using a parallel RC circuit to fit the low-frequency part of spectrum, Rp is from the real-axis intercepts, not the fitted value of R).
• Ideal C as a function of cathodic polarization (Value simulated using 1D vacancy diffusion in film with blocking air surface boundary condition).
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R 
3.27 nm -1 (c)
• No noticeable change in LSM thickness or other visible characteristics.
• SAED indicates that the top ~80% (~40 nm) of the LSM film became amorphous after the annealing.
• The bottom ~20% (~10 nm) remained crystalline and appears to be coherent with the LSCF substrate.
Lattice Image of LSM / LSCF Interface
• Near the interface, LSM epitaxial w.r.t. LSCF
• Both LSM and LSCF retained perovskite structures
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Profile across LSM Layer
• Mn remains within LSM; no detectable Mn in LSCF.
• LSM is stable on LSCF.
• No Sr enrichment near LSM surface or LSM/LSCF interfaces.
• Co diffused into LSM layer, ~2-4 at.%.
Effect of Inter-diffusion
• Interdiffusion during operation likely brings the properties of the two layers closer together
• Space-charge is also probably important
• The defect chemistry is likely a hybrid of the two materials • The projected thickness of the surface layer: 2-23nm
An LSCF Grain in a porous LSM/LSCF • LSM / LSCF interface well-defined
• While the LSCF grain is crystalline, the LSM coating is amorphous (it may facilitate ionic conduction).
The LSM/LSCF Interface
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Profile across Exposed Surface Layer
• Sum of cation atomic percents normalized to 40%
• Surface layer is LSCFM (La, Sr, Co, Fe & Mn)
• Mn retained in the surface layer 
Accomplishments to date
Characterized the local structure, composition, and morphology of surfaces and interfaces in LSMinfiltrated LSCF cathodes;
Confirmed the absence of surface oxides (Sr/La) or Srenriched phases on LSM-infiltrated LSCF surface under operating conditions, which may be the origin of performance degradation;
Gained critical insights into the mechanisms for observed performance enhancement by an LSM coating on LSCF cathodes: LSM promotes O 2 adsorption, activated more strongly by cathodic polarization, and stabilizes the surface of LSCF.
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Future Work
• To perfect the infiltration processes for control of thickness and coverage of catalyst coatings in larger cells;
• To understand the evolution of morphology, structure, and composition of surface & LSM/LSCF interfaces under different operating conditions;
• To correlate the microscopic features of catalysts coatings with cell performance & stability;
• Validate and perfect continuum models to gain insights for design of more efficient cathodes;
• Demonstrate the benefits of infiltration in commercial cells.
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